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change 
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Itiator which generates free radicals upon es^xjsure to 
ultraviolet radiation produces a composition which 
changes visible color upon es^iosure to ultraviolet radia* 
tioa This visble color change indicates that the compo- 
sitkxi has cured. This cure irxlicafoh is useful Ibr 
conpositkra curable by ultravkM racfiation in the elec- 
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Description 

This invention relates to a method of curing compositions by ultraviolet radation. 

The curing of an ultraviolet radiation curable composition upon exposure to ultraviolet racGation varies with the kind 
5 of ingredients making up the oonrposition. the Mnd of equipment used for generating the ultraviolet radiation, the geometry 
of the device having a film, coating or encapsulant to be cured and the curing conditions to which the device is exposed. 
These variables make it difficult to determine at what point the corrposition is sufficientty cured. Many times to avoid the 
chance that a composition may be under cured, the dosage of ultraviolet (UV) radiation which is given to the items to 
be cured is excessive. Excessive dosages may not harm the items, but they could arxl. furthernxDre. using excessive 
10 dosages is expensive and a waste of resource. Therefae, the discovery of the present method permits establishing 
curing corxlitions which can result in sufficient cu^e without either undercuring or overcuring. 

Materials for the electrical and electronics industry need to meet stricter requirements because the electronic devices 
are becoming smaller and more complex. The field of printed circuit boards is no exception. The varknjs coatings reqiire 
that the nrHterials protect the electronic devices and components from the environments which they may encounter 
13 either during processing or in usa Coating printed circuit boards with compositions which will cure to a film and which 
will provide the required protection without changing the designed electronic properties or otherwise damage the boards 
components is difficult to achie/e because the corrponents are very small and often of shapes and design which 
demands compositions which have special uncured properties, special curing properties and special application prop- 
erties. 

20 Printed circuit boards often need to be protected from contamination of the electricai and electronic components. 
This protection can be provided by coating or encapsulating the device bearing board with a protective film to avoid or 
minimize the reduction in the electrical perfornnance due to contamination. Moisture and humidity are considered to be 
the worst contaminant because it must be dealt with in most environments. Moisture and humidity can drastically lower 
insulation resistance between conductors, accelerate high voltage breakdown, aoceierate dendritic growth and corrode 

2S the corviuctors. Other than moisture, chemical contaminants from the environmerrt such as dust dirt, solvents, acids, 
fungus, oils and fu^s or those wtvch are used in the manufacturing process such as organic solvents, fluxes, vapors, 
acids, release agents and metal dust. Handling a printed circuit board can also cause contamination, for example from 
fingerprints. Conformal coatings are also used to protect the electronic components from the harmful aspects of extremes 
in temperature, shock and at)rasion: 

30 Many conformal coatings and potting compositions are known in the art and are available commercially. Each has 
its advantages and disadvantages. One prior art conformal coating material is based on acrylics. Acrylic coatings make 
excellent coating and pottir^ systems t>ecause they have desirable electrical and physical properties, are resistant to 
fungus growth, have a tong life, low or no exotherm during cure and have little or no shrinkage during cure. Prom some 
viewpoints, the aaytic coating systems have a productkxi advantage because they can be readily applied by spraying. 

ss dipping or brushing. HMever this is also a disadvantage because the films are formed from solvent containing acrylic 
systems. The Mporation of the solvent is a stow and expensive step and the soh/ent vapors need to be controlled for 
environmental reasons. The solvents typ)icaUy used are the chlorinated solvents, such astrichksroethane and methylene 
chloride. 

The combined inpact of high energy costs and more stringertt control regulations which restrict emissions of volatile 
40 solvents into ttie atmosphere has aeated a need in the coatings industry for high solids or solvent less systems which 
do not require a large arrxnim of energy Ibr conversion of the system into a high performance coating. Coatings which 
are 100% sofids are Iqiown and have a rapid cure at a relatively low converston energy demartt. Such coatings are 
acrytated coatings wtiich cure t>y ultraviolet radiation or by electron beam exposure. These are all reasons why it is 
important to have the ability to know when a UV curable composition is cured so that extra energy usage is avoided and 
45 the cost is kept to a minimunt 

This irrventkan relates to a method of indicating a cure poim of an ultraviolet radiation curing composition comprising 
adding a non-cure inhibiting amourn of a dye with a visible color to ^ 

a ph ot o ini ti a tor which generates free radicate upon exposure to ultraviolet radiatton ard at least one material which cures 
upon exposure to ultraviolet radiatton and thereafter e^^osing the resulting conposition to a dosage of ultraviolet radiation 
so which causes ttie visible coksr to either disappear or change to a different cotor incficating that cure has occuned coin- 
ddentally. 

The method of the present inventton permits a user of ultraviolet radiation curable compositions to be assured that 
the resulting material is fuly cured. This is accomplished without overcuring by observation of visible color change. This 
color change occurs when a non-inhibiting amount of a dye with a vis&le cotor is added to a composition which cures 
55 by exposure to ultraviolet radiation. The change can be from blue to yellow, from red to yeUow. from blue to dear and 
from yellow to dear. This color change usually lasts over tong time periods and does not return upon standing. If the 
cure is not suffidentty complete, the original color will return \port standing over a period of time, such as from a few 
minutes, to an hoiA' or more, to a couple weeis. For purposes of this invention, the use of the term Visible dye" means 



2 



SNSOOCIO. <6P 07nWiAaj.> * 



■ 



EP0 711 801 A2 



a dye which will impart a color under ordinary visible light. Also, the color changes are those which are ofc>servable in 
ordinary visible fight. 

The visible dyes usefuHn the present invention are those which, in the presence of free radical generating photoin- 
itiators. change color upon exposure to ultraviolet radiation. This color change occurs and is essentially permanent at 
the point that a U V curat)ie conrposition is cured upon exposure to UV radiation. Some visible dyes useful in the present 
invention include, but are not limited to» anthraquinone dyes and disazo dyes. Examples of anthraquinone dyes include 

1 -amino-2-bromo-4-hydroxyanthraquinone of which Sandoplast Red 2B powder, sold by Sandoz Chemicals, Charlotte. 
North Carolina is an example, a proprietary anthraquinone dye sokJ by Sandoz Chemical as Nitro Fast Blue 2B. An 
exarrple of a disazo dye is Nitro Fast Yellow B Powder, sold by Sandoz Chemical which has a formula C37H36N4O2. 

The amount of visible dye useful in a particular UV curable composition should be an amount less than that amount 
which will inhibit the cure of the composition upon exposure to UV radiation. For many compositions, the amount will be 
less than about 40 ppm based on the weight of the UV curable composition. Rom experience, the amount is preferably 
from about 1 0 ppm to about 40 ppm of the visible dye based on the weight of the UV curable composition. It was found 
that amounts of the visitale dye which became too high could inhibit the cure of the UV curable composition. The optimum 
amounts of visible dye in a given composition can readily be determined by adding a specific amount of visible dye to 
the composition and observing the color change, or lack thereof, upon exposure to UV radiation. If too much dye is 
added, no color change takes place, indicating the composition did not cure. At this point, one can inaease the dosage 
of UV to determine whether the reason it did not cure was tfiat the dosage was too tow. Further, evaluation can be used 
to deterrnine whether tiie anmjnt of visible dye concentration is too high. 

The UV arable co m po si t i ons in which this color change can occur are tiwse which contain a phototnitiator which 
produces free radicals upon es^osure to UV radiation and in which there is at least one material which cures upon 
exposure to UV radiation. Example of photoinitiators wNch generate free radicals include benzophenone, acetonaph- 
thone. acetophenone. benzoin methyl etiier, benzoin isobutyl ether. 2-hydrQxy-2-methyl-Vphenylpropan-1-one. 1- 
hydroxycyclohexylphenyl ketone. 2.2-diethoxyacetophenone. 3-hydroxypropylphenyl ketone, 3-hydroxypropyi-p-isopro- 
pylphenyl ketone and mixtures thereof such as a mixture of 50 weight percent of 1 -hydroxycyclohexytphenyt ketone and 
50 weight percent benzophenona ^ 

The amount of photoinitiator is that amount which is conventionally required by the particular composition for curi ng it. 

The UV curable compositions which can be used in the present invention are those whk:h are curdle by photoini- 
tiators which produce free radicals. These compositions can be either silicone compositions, organic compositions or 
conpositions which contain both sflk»ne conrpounds (includes pdymere) which witt cure by exposure.to UV radiation 
in the presence of a free racfcai photoinitialor and organic compounds findudes polymers) which cure by exposure to 
UV radiation in the presence of a free radical photoinitiator. These compositions are well Known in the art and include, 
but are not limited to. tiiose which are desaibed herein. Some of the prefenred embodiments of UV curable conpositions 
useful in the present method are desatoed below. The compositions containing the visible dye and photoinitiator are 
exposed to U V radiation from conventional equipnrrent and under conditions normally used fa such compositions wherein 
adjustinerts are made to reach the cure point by observation of the color change. The point at which cure is achieved 
results in a cotor changa Therefore, the length of time or the dosage 0* UV radiation can be varied to produce the 
required cura. 

Corrpoeitions curable to gels can be those organositoxane conpositions whtah retain their gel properties at low 
tenperatura These organosiioxane conpositions cure in the presence 0* UV radiation and comprise an alkenyi-con- 
taining pdymelhyteiloxane with a specified combination of mono-, dl- and trtfunctional sitoxane units, an amount of a 
mercaptoalkyl-containing polyorganositacane in an amount suffkaenl to cure the composition to a soft repairable gel 
and an amount of a photoinitiator sufficient to initiate curing of the composition in the presence of UV radiation. 

The alkenyl-containing polymethytsitoxane consists essentially of 80 to 97 mol percent of (CH3)2SiO units, 2 to iO 
md percent of CHaSiOi 5 units. 1 to 6 mol percent of (CHabSiOcs units and 0.2 to 4 md percent of units represented 
by the lonnula (CH3)aR^ SiOo.aV2. ^ represents 3-cyclohexenyl. cyctohexenylethyl or CH^eCHCCHz),-, a «s 1 or 

2 and s represents 0 or an integer from 1 to 6. indusiva The alkenyl^sontaining pdymethylsiloxanes are preferably 

liquids under ambient cbnditiona 

These alkeny^containing polymelhylsitoxanes in whk:h the aikenyl groip is vinyl is described in Unrted States Patent 
No 4 374 967. which issued to Paul Brown et al. on February 22, 1 983. A preferred dass of alkenyi-substrtuted pdy meth- 
yldtaxan« contain from 87 to 95 md percem of diniethylsikwane units, from 3 to 6 md percent of monomethylsitoxy 
units, from 1 .5 to 5 md percent of trimethylsiksxy units and from 0.5 to 1 .5 md percent d dimethylvinylsilwy units. 

Mercaptoaikyf^ntaining compounds are combined with the alkeny*-containino pdymethylaloxane. The mercap- 
toalkyl-containing corrpounds indude a liquid organic compound containing an average d at least two mercapto groups 
per mdecule or a liquki mercaptoalkyl-containing pdydorganosiloxane having an average d at least two repeating units 
per mdecule con'espondinQ to the formula 
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2S 



r2 r3 



-SiO- or R^-SiO 



3 • 



Where R2 represerrts a mercaptoaJkyI radical. R3 represents a monovalent hydrocartxyi a halohydrocartxyi radical The 
conpositons are prepared by combining the alkenyN»ntaining polymethylsilaxane with the mercapto-containing com- 
pound such thatthejnolar ratio of mercapto groups to alkenyt radicals in said composition is 1 or less. 
IS Prefenred^mbodiments of the mercapttHX)ntaining poiyorganosiloxane can be represented by the general formula 

R62R^SiO(R7R6SiO)y(R6R5SiO)jSiR^R82 

where R7 represents a mercaptoalkyi racficai containing from 2 to 6 caibon atoms, each R6 represents methyl phenyl 
so or 3.3.3-trifluoropropyl. R* represents R6. R7 or a hydroxyl group, each Rs is m^ or phwiyl. ^ and z are each 0 or 
greater, with the prosnso that R^ represents a mercaptoalkyi radical vvhen both y and 2 are 0. Most preferably, the radicals 
represented by R6. R4 and RS are methyl and ingrecfient B is represented by the average fonnjla 



(CH3)3SiO{(CH3)2SiO),(R7CH3SiO)ySi(CHs); 



where R^xandshavethesamedefinittonsasaboveandiisatleastZ. R'isprefe^ 
isobutyl. i is preferably from 40 to 45 industve and 2 is preferably from 3 to about 1 0. 

The organic compounds containing an average of at least 2 mercapto (-SH) groups per molecule also contain carbon . 
hydrogen and. optionatty. oxygen. These organic compounds preferably contain from 2 to 6 mercapto groups per mol- 
30 ecule. The organic compound can be. fbr example, but are not imited to. 2.2*-<fimercaptodiethylether. dipentaerythrrtol- 
hexa(3-merc^opropionale), glycol dimercaptoacetate. trimethylolpropane trithioglycolate and trimethytoipropane 
trimercaptopropionate. 

The UV curable composrttons which cure to gels and which are usefii for the present invention are those which 
contain photoinitiators which generate free racficals. The photoinitiator is present in an amount suffkaent to promote 
35 curing of the compositton ipon exposure to UV racfiation. 

The photoinitiator shoM be compatible with the other Ingredients of the present conpositkans. Conpatibility can 
readily be determined by blending one weight percent of the candktate photoinitiator with the other IqukJ ingredients of 
the UV curable composition and npttxing the resultam compositkm at room ten^^^ 

of about 80'C. The resultant compoaition shoukJ be cpticaHy dear without any dispersed or precipitated material. The 

40 photoinitiatQrs are exempifled above. 

In addtion to the allwiyt-containing polymethylsitoxane. mercapto-containing compound and photoinitiator. the 
present compoalttons can contain to about one weight percent of conventtonal viscosity aabdizers to inhibit gelatton 
during storaga Examples of suttaUe visoosfty stabilizers include amines such as 2-<cfiisopropylamino)ethanol and tri- 
octytamine and free radical scavengers such as p-methoxyphenol. catechol, hydroquinone and 2,Mi-t-butyl-p-methyl- 

45 phenot 

It may be desirable to iTKlude an organw peroxide that decomposes at a tenperature wim 
100*C. to about 250*C. This is parliculariy true if the substrate to which the c o m po si tion will be applied is contoured 
such that a portkm of the curable composition is shielded from the ultaviolet radiation to which the coated substrate is 
subsequently eiyosed lor the purpose of curing the gel com posit i o n . 

50 The UV curable oonrpositions can contain a reinforcing filer or other type of reinforcing agent to inprove the physical 
properties of the cured material. In those applications where transparency of the cured gel is a requirement, the rein- 
forcing agent is preferably a finely divkSed hydrophobfc siOca of the type descrfoed in United States Patoit f^. 4.344.800. 
issued to ^«chael A. Lutz on August 17. 1982. The dtsctasure of this patent is a teaching of sflicafiflers suitable for use 
in the optically clear gel compositions of this inventioa 

55 The ingredients of the compositions are blended to form a homogeneous mixture using any of the known techniques 
that will not adversely affect the storage stability of the compositfon in the absence ol ultraviolet Bght Unless the com- 
position exhibits borderline storage stability in ttie absence of UV radation, the order in which the ingredients are added 
is not critical. If the ingredients have a tendency to react, it is preferable that the altenyl^^ntaining polymethylsiloxane 
be coatinea first with the viscosity stabilize arid, lastly, the mercapto-oontairung conpound and photoinitiator. Curable 
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compositions containing a viscosity stabilizer can typically be stored for longer than about 6 months under ambient 
conditions. 

The conpositions cure rapidly, typically requiring about one second or less of aj^sure to UV radiation from a 
medium pressure mercury vapor arc lamp. The amount of energy required to cure preferred compositions is from 0.1 

5 to about 3 joules per square cerrtimeter. depending upon the ingredients and the thickness of the layer of curable com- 
position applied to a sutDStrate. 

The intensity of the UV radiation used to cure the compositions can be measured using any of the available tech- 
niques. A prefeaed method enrploys an integrating photometer which is exposed to a mercury vapor arc lamp or other 
source of U V radiation under the same conditions used to cure the coated substrate. A commercially available integrating 

10 photometer is the "Light Bug" available from Intemationai Light With the method of the present invention, the visible 
dye is added to the corrposition and upon exposure to UV radiation, the color changes when cure is achieved. This will 
eliminate the necessity to constantly check with a photometer during manufacturing operations. In those instances, 
where a wet film of the composition is exposed to the UV radiation and the color does not change or the color returns 
after a short pertod of time, it is apparent that the dosage is insufficient 

15 These organosHoxane gels can include uses as protective coatings and encapsulants for electrical and electronic 
components, particularly solid state devices such as integrated circuits and electrical connectors. The gel can prevent 
penetiution of atmospheric moisture and otiier materials that can corrode or othenwise damage the component 

An exanple of such UV cur abl e conpositions vi^ich cure to gels is desaft)ed by Lee et al in U. S. Patent No. 5.063 , 1 02 
to show UV radiation curable compositions useful in tiie present invention. 

20 Other corrposition v^ich cure to gels and useful in ti^ present invention is described by Himstedt in EPA 0 363 
071 . published on April 1 1 . 1990. to show UV curable compositions which cure to gels. The conpositions describe by 
Himstedt oonprise an acryiamide functional pdyorganosiiaxane of ttie general formula 



CH3 ^6»5 f3 
(CH3)3Si(SiO),(SiO)g(SiO),Si(CH3)3 

^3 CH3 R-N-CH,CH2-N-R* 



35 



40 



43 



SO 



R' R" 



in whk*i 1 is an average d at toast 44 aiKl has a («lue such that th« mol percert^ 'n the 

polydiorganosiiaxane is frofn 88 to 94.5. ghas an average value oJ at least 2.5 and has a value such that the 
percentage of methytphenytsikaane unitsisfrom5to10.risatleast1antllessthan2.Ri8a divalent allqrtene radical 
having 3 or 4 cartoon atoms, each R* is a hydrogen atom or an acyl radical of the lonnula 



0 0 0 

1 I I 
CHjsCH-C- , CH2=C-C- , or CHjC 



CH3 



55 
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0 0 
CH2=CH-C- or CH^'C-C- 



10 



CH3 



15 



20 



^ J^P^rSf ^'"^ «P<««» to UV radiation. 

YRiOjSiO(R92SiO)„SiR'02Y . 
9 to SO mole percent of a mono^ functianal endbloctod polydiorganosiloxan«.of me garwal tormula 

Ri03SIO(B»2SiO)„SiRi0jY. 
2S and 0 to 65 mole percent of a non-functional polydiorganosiloxane of the general formula 

Ri'>3SiO(R92SiO)nSiRio, 

where, in the above formulae. RS is a rrwnovalent radical selected from the group consislina of alkvl arvi end f h.nrina««H 
acryl functonal radial tended to silicon atom through siliconKarbon bond where the acryl inStes SJtmUa 



36 0 

' 13 
CH2=C-C-Z-R" 



R 



40 



ortheloFmula 



45 



0 0 R^^ 

so ch,=c-c-z-r*-z-c-ch-ch--n-r" 

2 I I 2 

r" R" 



55 



in which R- s a hydrogen atom or m^. z is divatent oxygen or -N(RiJ)-. R^z is a hydrogen atom or an alkyi of 1-4 
caiton atoms. R" is a divalent hydrocartxin radical having from 1 to 10 carbon atons per radical. R* is a divalent 
hydiocartwn radical or a divrtam hydroearljon radical containing ether linkages and n 

the mole percentages being based on the total biend as 1 00 mole percent and where the poiydiorganosiloxanes of the 
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blend are present in anx>unts to provide 20 to 95 percent of the endblocking as acryl functionality and 5 to 80 percent 
of the endbocking as non-functional. 

Some preferred contormal coating compositions are those UV radiation curable compositions containing aliphatic 
unsaturated functional silicone resin, an organic mercaptan, an acryiate monomer, a photoinitiator and a free radical 
inhibitor wherein the photoinitiator is a free radical generating photoinrbator. In accordance with the present invention, 
visible dye is added to them and then they are exposed to UV radiation and cure is achieved when the color cnange 
occurs. 

The compositions consist essentially of the silicone resin having a general average unit formula 

in which each R' in each unit is independently a monovalent organic radical where at least 10 mole percent of the total 
R' are phenyl radicals and at least two R' per molecule are afiphatic unsaturated radicals which react with mercapto 
functionality and fi has an average value of from 1 .2 to 1 .8; the organic mercaptan composed of carbon, hydrogen, sulfur 
and oxygen in which there is at least two mercapto groups per molecule: the acryiate monomer having at least one 
acryiate group per molecule in an anxjunt of at least one weight percent based on the total weight of the composition; 
an effective amount of photoriitiata to cause the composition to cure upon exposure to UV radiation where the photoin- 
itiata generates free radicals upon exposure to the UV radiation; and an effective amowit of the free radical inhibitor to 
delay gellalion durir^g storage, the composition has more than two aliphatic unsaturated radicals per moiecule in the 
silicone resin when the organic mercaptan has two mercapto groups per molecule or more than two mercapto groups 
per molecule in the orgar*: mercaptan when the sificone resin has an average of two aliphatic unsaturated radicals per 
molecule or both more than tww aliphatic unsaturated radicals per molecule in the silicone resin and more than two 
mef capto groups per molecule in the aganic mercaptan and amount of silicone resin and organic mercaptan being such 
that there is from 0.5 to 1.5 aliphatic unsaturated radicals in the silicone resin for each mercapto group in the organic 
mercaptan. 

The silicone resins contain aliphatic unsaturated radicals which react with mercapto functionality. These silicone 
resins have an average of 1 .2 to 1 .8 organic radcal bonded per silicon atom and at least 10 mole percent of the organic 
radicals are phenyl. The silicone resins, have per molecule at least two aliphatic unsaturated radcals which react with 
mercapto functionality. The silicone resin has a general average unit formula ^ 

in which c has an average value of-from 1 .2 to 1 .8 and R* Is a monovalent organic radical where at least 1 0 mole percent 
of the R' are phenyl radicals and at least two R' per molecule are aliphatic unsaturated radicals wrtch react with mercapto 
functionality. Thegeneral average unitformiiaisthesummationofincfividualsiloxOT R'Si03/2 
units. R'tSiO urits, H'zSi0^a units and each R* in each siloxane unit is independentiy selected from the group as defined 
herein Each siloxane unit does not need to be present in each silicone resin, but the siloxane units which are present 
need to provide an average value lor g of from 1.2 to 1.8. R' can be independently selected from an alkyl. alkenyl. 
halogenatedalkyi or aryL The allcyl radicals can be illustrated by methyl, ethyt. propyl, isopropyl. butyl, hexyl and octyl. 
The allttnyl radicals can be Husfrssed by vinyl, allyl. cydohexenyl. l .2-butenyl and l .2-hexenyt. The halogenated aiky I 
radicals can be ilusirated by 3,3.3-trinuorcpropyl and other chlorinated, fluorinated and bronrinated alRyl radicals wherein 
hydrogen atonv of the alkyl radksls are replaced with a halogen atom. The preferred alkenyl racicals are vinyl and 
hexenyl. Other preferred radicals are methyl, propyl. 3.3.3-trif luoropropyl and phenyl. Preferred silicone resins are thwe 
which are made up of at least two sfloxane units selected from the group consisting of monophenyl-silsesquioxane unrts. 
monomethylsasesquksxm units, dimethyl-siloxane units, diphenylsikjxane units, melhylvinylsitoxane units, dimethylvi- 
nylsitaxy units and trimethyisilaxy units. The preferred silicone resins contain from 20 to 80 mole percent monophenyl. 
sLsQuioxane units where the remaining saoxane units can be those listed above. A more preferred class of silicone 
r^mare those made up of from 20 to 40 mole percent monophenyisilsesquwxane units. 1 0 to 20 mole percent mono- 
methvlsilsesqutoxane units. 20 to 35 mole percent dimethylsilaxane units and 10 to 30 mole percent methytvinylsiloxane 
unte!^The silicone resins can be one resin or a blend of two or more resins. The^iajie rejns can com^^^^^^^^^^^ 
groupswhfchresullfromtheir preparation, suchashydro)^ ) 



where R** is an alkyl radcai of 1 to 4 carbon atoms. 

The crosslinked density, f lexWity of cured products and the modulus of cured products are ^dled J sel^Ang 
ttie amount of aliphatically unsatirated radicals in the silicone resin and the average degree of substitution of the silicon 
Si^S^IS^^ groups. For example, increasing the average number of aliphatically t«aturated rad- 
icals per molecule inaeases the modulus and decreases the flexibility wHh other composition parameters remain|ng 
cons^ increasing the average decree of substitution of the silicon atom inaeases the flexibility and decreases the 
modulus with the other conposition parameters remaining constant These are general guidelines and propomona 
IS^eas^ 
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phenyl, the kind of aliphatically unsaturated radcals and the kinds and amounts of each of the sitoxane units orpsom in 
the silicone resin. ^ 

The organic mercaptan contains an average of at least two mercapto fundior^ groups per molecule In these 
conpositions. the numt>er of aliphatically unsaturated groups per molecule in the silicone resin is more than two if the 
number of mercapto functional groups in the organk; mercaptan is two or if the numt>er of aliphatically unsaturated 
groups per molecule in the silicone resin is two. then the average number of mercapto functional groups per molecule 
in the organic mercaptan must be more than two. These compositions can contain siycone resin having per molecule 
more than two aliphatically unsaturated groups per molecule and organic- mercaptan having per mofecute more than 
two mercapto functional groi^JS. The organic mercaptans can be illustrated by the following: trimethyfolpropane trithi- 
oglycolate. trimethyiolpropane trl{3-mercaptopropionate). trimethyiolethane trithioglycoiate. polyethylene glycol dimer- 
captoacetates, glycol dimercaptoacetate and dipentaerythritoi hexa{3-mercaptOi)ropionate). The preferred organic 
mercaptan i strimeth ykXpfopane tri(3-mefcaptOi>ropionaie). Mixtures of two or more organic mercaptans can be used. 

These corrformal coating compositions can contain, as an ingredient to inprove the corrosion resistance, inprove 
the adhesran to prmted circuit board sitetrates and improve the thennal resistance, an acrytate monomer. These acrylate 
15 monomers are iDustrated by trimethyfolpropane trimethylacrylate. pentaerylhritol tetraaaytate. ethoxylated trimethyiol- 
propane triacrylate. pentraerytritol acrytate (contains three acryiate ^oi^JS), di(trimethy»methytolpropane tetrataacr- 
ylate), trimethyiolpropane triacrytate. (*-(pentraerythntol monohydroxy pentaacryiate). hydroxylethyi aoytate. 
hydroxytpropyl acryiate. 4-hydroxy-n-buty1 acrylate. isobornyl acrylate. proprietary acrylates such as functionaKzed acr- 
ylates known as Sartomer 9008 (a triacrylate). Sartomer 9012 (an aliphatic triacrytate) and Sartomer 901 3 (an aliphatic 
20 monoacrytate). These are sold by ARCO Chemkai Company of Pennsylvania. The acrytatee are used in amounts of 
one weight percent or more based on the total weight of the conposition. 

Ultravwiet radiation capabie of causing free radkals to fbnm in the comp^ 
of this invention. The ultraviolet radiation used to generate the free radical cross linking reaction to effect polymerization 
of the conposition and cure requires a photosensitizatfon system. Examples of the photosensitization systeiTB are known 
25 inthe art. some specific photoinitiatorB include diethoxyaceto-phenone. benzophenwie, dimethoxyphenylacetophenone, 
benzoin. 2-hydroDcy-2-methyl-1-phenylpropan-1-one. with optional sensitizors such as N-methyldlethanolamine. diiso^ 
propylaminoethanol and amyfcjimethytaminobenzoat& 

These conformal coating compositkpns can be prepared by mixing the ingredients at room temperature with con- 
ventional mixing equipment In some cases the blending of the ingredients can be accompfished by some heating. 
30 Heating these ingredients can aeate degradation if the temperatures become too high or the duration of the heating is 
for prolonged periods of time. The ingredients used to make these conpositions shouki be blended to make conpatible 
mixtures. This compatibility is desirable to ensure that the cured products wiB form solkl coherent coatings, films, ^eets 
and encapsulants with consistent properties throughout Incompatibility can cause weak spots, f isheyes and poor wetting 
of substrates on which the composition is deposited 
35 A method of making cured films is accomplished by first preparing the conposition by mixing the silfoone res»i. the 
organic nrwcaptan. the aayiate monomer, the photoinitiator and the free radical inhibitor to form a conpatible. homo- 
geneous blend, applying the conposition to a substrate such as an electronics dev^ 
with uttraviolet radiatfon in an amount sufficient to cure th e corrposition. 

These cortomal coaling compositfons contain an effective anxxim of a fr^ 

40 storage These free radical inhfoitors include p^ethoocyphenol (also know as MEHQ), catechol. 4-t-toutylcatechoi. phe- 
nottTiazine. 2,6-di-t'butyl-p-methylpherx)l and IM-phenyl-2-naphttiytanine The amounts of the free radical inhibitors are 
from zero to one weight percent based on the weight of the conposition. more pr^eraMy from 0.01 to 0.25 weight 
percent The nxjst preferred free radical inhftDitors are p-methoxyphenol, phenothiazine and mixtives thereof. The pres- 
ence of hydroquinone as a free radical inhibitor appears to be undesirable from the standpoint of preparing high modulus 

45 arxl tensile Strength ored products. 

The oonformalcoattfig compositions cure very wel. adhere wen to electronic boaids, have a nvU odor and are dear. 
The presence of the acrylate conpound in these compositions is vital to protect copper from corro din g. The compositions 
d the present irwention exhU inproved adhesion by preventirig salt water from c^ 

the metal. Hemmm, acrylates without the mercaptan conpound exhfoct insufRctent cure and to obtain the excellent 
50 properties the stiioone resin, mercaptan and acryiate are required. The thermal stability of the owed films made from 
the conpositiom of this irvention can be expected to improve further by substituting hexerryf group for the vinyl group 
in the silicone resins. The conposittor« of this inventfon cure very rapkly compared to other uttraviolet radatk)n cured 
conformal coatir^ compositfons. They also can be cured in very deep sections when peroxide is added to them. These 
conformal coatings can t>e used as mar resistant conformal and protective coatings for printed circuit boards, gaskets 
£5 for automobile engines, coatings for deep cross section pottants. optical f ber coatings where the refractive index of 
these coalings is greater tian 1.49. 

The preferedoonpositiQn consists esserniaDy of silfoone resin in an aniou^ from 
5 to 30 weigM percent mercaptan conipound. from 1 to 25 weigm percent acrylate conpound 
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photoiniliator. less than 0.05 weight percent free radical inhibitor and when present organic peroxide in amounts of from 
1 to 5 weight percent. The weight percentages are based on the total weight of the composition. 

It is also expected that the mercaptoprcpyisiloxane and mercaptobutylsiloxane containing polymers described in 
Lee et ai ( 486) in U-S. Patent No. 4.780.486. issued October 25. 1988. may be useful as sitetitutes for the mercaptans 
5 of the present invention, especially those in which phenyt-containing siloxane units are also in the polymer. Additional 
modif icatiorrs which may be useful include acryiate functional oligomers, other viny< functional organic monomers, such 
as divinyl benzole and thiol functional silicone resins. 

An exanple of UV curable silicone organic conformal compositions useful in this invention is described in EPA 0 
456 346. published on Novent)er 13. 1991. to show silicone organic conformal coatings curable by exposure to UV 

10 radiation. _ ^ ^ . ^ 

Another exanple of suitable compositions which can be used in the present invents are those descrrbed by Lutz 
et al in U.S. Patent Na 5.036,1 14 to show UV curatale silicone organic compositions. These compositions comprise a 
polydiorganosiksxane having on the average mae than about 0.4 acrylamide functional groi^ per molecUe and being 
crosslinkaWe by exposure to UV radiation in the presence of a photosensitization system, an effeclivB amount of a heat 

15 stability additive selected from the group consisting of zinc naphthenate, stannous octoale and tetraorganotitanate and 
an effective amount of a photoser^sitization system. 

Lutz et al also described in copending application Serial Number 556.696. filed July 20. 1990. assigned to the same 
assignee as the present application. UV curaWe silicone organic compositions. These compositions comprise a com- 
patible mixture of an acrylamide functional polyorganosiloxane having an average unit torrrwia 

^ T^R^%SiO(4^^)/2 

in which R14 Is a monovalent organic group where at least 5 to 10 mde percent of FV^ are aromatic based on all R^^ 
equal to 1 00 mde percent T is an acrylamide functional group bonded to the silicon atom through a silicon-carbon bond 
d has a value such that there is on the average at least 0.4 acrylamide functional group per molecule, ft has a value 
such that the polyorganosikjxane can be applied to a substrate and cured by e^^ sumofd* 
e is at least 0.7 and a photosensitization system. ^ * , 

Organic contomial coating conpositions combine the toughness of certain resins, low shnnkage of monofunctional 
noivolar monomers, low T. resins and monomers and adhesion promoting monofunctional and drfunctionai monomers^ 
These organic contormal oating conpositions have low temperature flexibility and good thermal shock resistance and 
electrical properties. The coirposition can be post cured using a peroxide which is stable al nomial room temperature 
orocessing and has a long shelf life, such as six months. The composition can also contain a fire retardant These 
features are obtained without the use of solvents and can be applied to substrates by dip coating, by spra^^coating and 
brushina because of the low viscosity. ^ . * 

Th^ compositions are UV curable compositions consisting essertialy ol a Wend o» 20 to 45 wagM percent of an 
acrylated orethane oligomer containing an average of about 2 acryl groups selected tromthegiwJpcons.st«5g of acryiate 
and methaaylate. said acrylated urethane oligomer being based on aliphatic isocyanate and hanng a nuirtoer average 
mdecular wight olfrom 1 .000 to 6.000. 5 to 25 weight percent of an acryiate selected fiomthe group ans«t.ng of an 
auphatic monofunctional acryiate ester having a molecular weight less than l .000. a polybutadiene daoyiate having a 
mdb^ weiflrt lew l»wi 4.000. a polyoxyalkylated diacrylate having a molecular weif ht lass than i .000 and a mono- 
functional acrylata of ttw genaral tormuia 
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CH - CH 

CH,»CH.C-(0C,H,)^(0C3H,),-0-C^ ^C-(C,H,8),H 

CH— CH 



50 



55 



in u«hirfi al least one d h or I is « least 1 arxi the total averaoe value d b and I is sulfident to previa 

S^oTt^ otSTs ^^^^ 0 a ^5 to 40 weight percent of an aliphalic bicydic monofuncbcnal acrjjate mononer 

I^^ZZ cf isoborn^Sate. "^"^'^^ 

dicydopentenyloxyethyl melhacrylata 0.5 to 6 wei^ percent of phott«rtator. 0 to 10 weigtM percert J^n^^y^'^ 
2?S!nSSee acryuTor methacrylate groups per molecule and ha^ng a '^^J^^ ^ 

vSoW percent of a pero^ having a 10 hour half life tenperature of from 8S-C. to 105«C. .nduave. 0 to 10 weight 
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alkylmethacrytate. 0 to 20 weight percent of a fire retardant, 0 to 6 weight percent of an adhesion promoter 1 to 1 OQo 
ppm of poiymenzation inhibitor in which the inhibitor is derived from 0 to 100 ppm of 4.methoxyphenol 0 to 500 mm nf 
hydroquinone and 0 to 500 ppm .of phenothiazine. 0 to 0.01 5 weight percent of a f luorescait dye arxi the comrS»tion 
has a viscosity at 90»F of less than! Pa • s. u.e gofnposiuon 

These contpositions are curable by exposure to UV radiation and also can be formulated so that they can be cured 
by exposure to heat The compositions can be cured by exposure to UV radiation and stil be made to possess the aWity 
to cure by heating, i.e.. post curing or shadow curing. These organic conformal coating conv)ositions can be used to 
coat arcuit boards which have complex da^ices or components which have urxlercuts. i.e. regions or* tocatrons where 
the coating composition will be out of sight of the UV radiation and thus would remain uncured. Corrpositions intended 
to be used for coating such circuit boards having devices with undercuts should have the ability to cure in the shadowed 
areas and would be formulated to contain peroxid& However, the compositions have the ability to cure via heating and 
thus the regions or kxatiGns which are not exposed to the UV radiation can be cured by exposure to heat The amount 
erf heat and the diradon of the heating necessary with the composition is relatively low. The ability to cure the compo- 
sitions with amounte of heat is Important because many of the electronics materials and constructian can be efteaed 
15 bjf exposure to high temperatures or to heat for long durations. 

These compositions contain from 20 to 45 weight percent of an acrylated urethane oligomer having an average of 
about 2 acrytate or methaayUte groip^ These urethane oligomers are based on alphatic isocyanate and have a number 
average moiecuiar weight of from 1 ,000 to 6.000. The aliphatic isocyanates are preferably diisocyanates including i ,6- 
hexamethylene (fiisocyanate. 1.4-hexamethylene diisocyanate. a2,4-trim€thylhexamethylene diisocyanate. 2.4 4-tri- 
X methylhexamethylene diisocyanate, 4.4 .methylene-bis(cyclohexyl)isocyanate. isophorone diisocyanate and' 1 -methyi- 
2 4^tisocyanatecyciohexana The acrylated urethane oligomers are known in the art and those wNch are particularly 
useful in the present invention are those which are desaibed in US. Patent Ma 4.607.084, issued August 1 9 1 986 to 
Morris. 

The acrylated urethane oligomers can be mixtures of tuo or more different oligomers or prepolymers. preferably a 
•5 mi vture of at least two different molecular vweight acrylated urethane prepolymers and a mixture of an acrylmed urethane 
prepolymer and a polyester urethane acrylate. The acrylated urethane prepolymer provides strength to the cured films 
and the polyester urethane acrylate provides elongation to the cured fims. They can also be blends, such as those 
prepared from polyether diols and poly«her triote. The acrylated urethane oligomers can also contain reactive solvents. 
Such reactive solvents include aftcylacrylates, alkyi methacrylates, altoxyalkyi acryiates. alkoxyaWcyl methacrylates. allyl 
acrylate, phenoxyethyl acrylate. cydohexyi acrylate, 1 .6-hexanediol diacrylate. trimethytolpropane triaaylate, aayiated 
tatty alcohols and acrylated aliphatic diglyddyl ethers. A preferred reactive solvent is ethoxyethoxyethyl acrylate The 
reactive solvent can be present v\ amounts of from 0 to 50 weight percent based on the total weight of the acrylated 
urethane oligomer. Preferably, if the reactive solvent is present it is present in an amount of from about 1 0 to about 20 
weight percent 

35 The term 'oUgomer* and "prepolymer'* are interchangeable. Some examples of commerciaHy avaiabie aayiated 
urethane oligomer are as foliows: SMcryl 230 and B)ecryl 4883 sold by Radcure Spedaltiee of Virginia. Ebeayl 230 
is 100 percent sofids urethane acrylate prepolymer containing no reactive diluents, has a viscosity at 25»C. of 30 to 40 
Pa • s. a number aver age m olecUar weigm of about 5.000 and a functionality of two. aecryl 4883 is 85 weight percent 
urethane acrylate oligomer or prepolymer and 15 weight percent trp'opylene glycol diacrylate. the oligomer has a 

40 number average molecute weight of 1 .611 and a viscosity at 60*C. in the range of 2.8 to 4.2 Pa • s. Uvithane 782 and 
Uvithane 783 sold by Morton Thiokol Corporation. Morton Chemical Division, ininoi& Uvithane 782 is a polyester ure- 
thane acrylate which has a visosity at 49*C. of 80 to 1 60 Pa * s and Uvithane 783 is st^ 
at 49»C. of 60 to 200 Pa • 8. 

The acrylated urethane oligomer is preferably present in an amount of from 25 to 40 weight percent. A preferred 
45 acrylated urethane oligomer is a mixlure of 3 to 6 weight percent polyester urethane acrylate, such as Uvithane 782 and 
1 9 to 32 weight percent of an acrylated urethane prepolymer having a numtser average moiecuiar weight from i .000 to 
3.000. such as Ebecryl 4883. for a total otf 25 to 35 weight percent acrylated urethane oligomer. Another preferred 
acrylated urethane oligonw is a mixture of 24 to 37 weight percem of an acrylated u^ 

average moiecuiar weight of 1.000 to 3.000, such as Ebecryl 4883 and 3 to 6 weight percent of an acrylated urethane 
so prepolymer having a number average nxrtecuiar weight of 3.000 to 6.000. such as Ebecryl 230. for a total of 30 to 40 

weight percent acrylated urethane oligomer. 

The acrylate is a unique monomer having a low glass transition temperature, Tg which giv^ the cured films made 

from these compositions improved flextoitity at low temperatures and allows the cured films to pass thermal cycling shock 

tests. These acrylate monomers are selected from an aliphatic monofunctionai acrylate ester having a moiecuiar weight 
55 less than 1 .000. a pdybutadene diacrylate having a molecular weight less thai 4.000. a polyoxyalkylated diaaylate 

having a molecular weight less than 1.000 and a monofunctionai acrylate of the general formula 
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0 CH - CH 

CH = CH 



in which at least one of h or lis at least 1 and the total average value of b and 1 is sufficient to provide a viscosity at 25^0. 
of 0 01 to 0 2 Pa • s and t is 0 or l . An example of an aliphatic monofunctional acrylaie ester is C-90 1 3 which is sold by 
Sartomer Corrpany of Pennsylvania, has a iDOfling point of 12rC. at 10 mmHg. has a viscosity at 25'C. of 0.005 to 
0 01 5 Pa s and contains 1 60 ppm + or ■ 20 ppm of 4-methoxyphenol. An example of a pdytxitadiene diacryiate having 
a molecular weight less than 4,000 is C-5000 sold by Sartomer Company of Pennsylvania, has a number average 
molecular weight of 3,000. a viscosity at 25*C. of 4.5 to 5 Pa ♦ s and contains 400 ppm BHT. a butytated hydroxy toluene. 
An example of a poiyoxyaikyiated diacytate having a molecular weight less than 1 .000 is C-9000 which has a numoer 
average molecular weight of 800. a viscosity at 2S»C. of 0 . 1 2 Pa • s and 250 ppm of 4-methoxyphenol. Examples of the 
acrylates having Formula I are shown by the fottowing formulae and are sold by Toagosei Chemical Industry Co.. Ud. 
of Tokyo, Japan: 

M.101 , having a viscosity at 25*C. of 0.02 Pa • s, a of -25*C. and a formula of 

25 0 CH • CH 

1 // \^ 

CH2=CH-C-(OC2H^)i,-0-C^ ^CH ; 

CH— CH 



At. 



M-l 1 1 . having a Viscosity at 25'C. Of 0.08 Pa • s, a T, Of -8*C. and a fomiula ol 



CH - CH 

CH2=CH-C-(0C2H^)j^-0-C ^C'tCgH^g) . 

CH— CH 



45 M-113. having a viscosity at 25*C. of 0.1 1 Pa • s. a T, of •43*C. and a formito of 



0 CH - CH 

1 // W - 

" CH2=CH-C-(0C2H^)j^-0-C ^C-lC^H^j) . 

CH— CH 
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and M-l 17. having a viscosity at 25°C. of 0.13 Pa • s and a Tj of -ZO'C. and a forrrajla of 



0 

11 / 
C:H2=CH-C- (OCjHg ) j^-O-C 



CH - CH 

w 

CH— CH 
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^J'^f^^^J!"^!^ " alpha^1-oxo.2^)roper,y^H)mega-(no^ylphe^oxy)- 
f^y^°^-^^;^^) '^^ acryfate nwnomer is present m an amount of from 5 to 25 weight percent of the compo- 
ts sition.prefera3ly 10 to IS weight percent of the conposHioa "^ornpo 
The aMwtic biqrctic monofunctionai aoyiate monomer selected from the group consisting of lsot»rnyt aaylate 
isobomyt melhacrylat*, dicyciapentenytoxyethyf acrytate of the formula 
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dicyclopentenyfoxyethyl m^hacrytate of the formula 

35 
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and mixtu-es thereof. l8obomy« acryiate has a viscosHy at 25'»C. of about 0.01 5 Pa * 8 and usually contains as an inhibitor 
so 100 ppm of 4-metha)(yphsnol. Isobomyl methacrylate has a viscosity at 25»C. of 0.015 to 0.019 Pa • s. Dicyclopente- 
nyloxy-ethyl acryiate has a viscosity at 25»C. of about 0.02 Pa • s. Dicydopentenytoxyethyl methacrylate has a viscosity 
at 25"C. of 0.015 to 0.019 Pa • s. The aliphatic bicydic monofunctionai acryiate is present in an amount of 9.5 to 40 
weight percent of the composition, preferably is present in an amount of 20 to 35 weight percent The preferred aliphatic 
bicydic monofunctionai acryiate is dicydopentenyloxy-ethyl acryiate. 
55 The phototnitial<y to provide the UV rajiation curable property can be any of those which are known in the art to 
cure acryiates and methaayiates and generate free radicals upon exposure to UV. However, neither the photoinitiator 
nor its by-products should be corrosive to the electronic materials which it wfll come in contact with during its use. 
IBustrative of the photanitiators are 2.2-diethoxyacetophenone. benzoin methyl ether, benzoin ethyl ether, benzoin iso- 
proRfl ether, alpha-methylbenzoia aipha-ethyl-benzoia alpha-methyl benzoin m«hy* ether, alpha-phenylbenzoin. 
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aipha*ally1benzoia anthraquinone. methylanthraquinone. ethyl-anthraqutnone, tertiary butytanthraquinone, benzti. 
diacetyl, benzaldehyde. acetophenone, benzophenone, omega-benzoin, 2,3-pentanedtorie. hydroxycyciohexylphenyi 
ketone, hydroxymethyt phenylpropanone and xarrthone. The photolnitiator is used in anxHjnts of from 0.5 to 6 weight 
percent of the composition and which are suitable to provide cure of the composition when it is exposed to UV radiation. 
The preferred photoinitiator is 2-hydroxy-2-methyl-l -phenyl-propan-l -one and the prefened amount is from 2 to 5 weight 
percent of the composition. 

The acrytate ester is one having at least three-acrylate or methacrytate groups per molecule and a molecular weight 
less than 600. These acrytate esters can be present in amounts of from 0 to 10 weight percent of the composition. 
Preferably the acrylate ester is present in an amount of at least 0. 1 weight percent of the composition with the most 
prefen'ed amouits being from 3 to 8 weight percent of the conposltion. Some examples of the aaylate esters are 
trimethylolpropane trimethylacrylate (mol. wt. « 338). pentaerythritol tetraaaylate (mol. wt. » 352), ethoxyated trimeth- 
ylolpropane triacrytate (mol, wt. = 428), pentaerythritol acrylate (contain three acrylate groups, mol. wt. = 298). di-tr»- 
methyldpropane tetraacrylate (mol. wt » 438). trimethylolpropane triacrylate (mol. wt. = 296) and dipentaerythrnol 
monohydroxy pentaacrylate (mol. wt » 524). These acrylate esters are available commercially and are usually sold with 
an inhibitor present Some of these commercially available aaylate esters nr>ay also contain small amounts of solvent 
which is a result of their preparation. The preferred acrylate ester is diperrtaerythritol monohydrcocy pentaacrylate. 

The organic peroxide can be present in an amount sufficient to provide cure when the composition is exposed to 
heat after the co npo siti on is cured by exposure to UV radiation. The amourt of organic peroxide can be from 0 to 8 
weight percent of the oomposition. The organic peroxide is one which has a 10 hour half life tenrperatue of from 85'C. 
to 105*C. inclusive. Peroxides which have this 1 0 hour half life temperature provklescornpositions which can be packaged 
in one container for shipment i.e. they have an acceptable shetf Hfe for commercial shipping. These peroxides also can 
be cured at an acceptable temperature when the application is for confbrmal coatings on printed circuit boards. When 
the coirpositions of this invention are used for printed circuit boards which have devices with undercuts, it is preferred 
to have the organic peroxide present in amounts of from 0.1 to 6 weight percent of the conposition. so that the comoo- 
sitions can be cured in the shadowed areas by heating. The preferred amount of organic peroxide is at least 0.5 weight 
percent of the composition, with the most preferred amounts being from 0.5 to 4 weight percent Thus, the organic 
peroxide is one which will provide a storage stable uncured composition, which will cure upon heating and which will 
not produce acidic by-products that can cause corrosion to electronic materials. Suitable organic peroxides include the 
following where the 10 hour haW life temperature is In parentheses following the peroxide name. 1.l-bis(t-butyiper- 
oxy)cyclohexane (93*C.). o.o-tertiary-butyl-o-isopropyi monoperoxy cartXHiate (99*C.). 2.5-dlmethyl-2.5-di-(2-ethythex- 
anoyiperoxy)hexane (SrC), 1.l<li(t-butylperoxy)-3,3.5-trimethyicyicohexane (92*C.), 2^-dl(t-butylperoxy) butane 
(1 04«C.) and 1 <yano-l -(t-butylazo) cyclohexane (96''C.). The preferred organic peroxide Is 1 .1 -bis(tertiary-buiyiperoxy) 
cyclohexane and the preferred amouits of this peroxide are 0.5 to 4 weight percent. It might be possible to use organic 
peroxides which have 10 hour half We temperatures between 105'C. and 130«C. H the compositions are to be used on 
substrates which are very heat stable, such as on certain ceramic printed drcuil boards. The preferred organic peroxide 
is l.l-bis(t-butylperQxy) cyck)hexan& 

The hydrcDcy-containing acryl monomer in amounts of from 0 to 1 0 weight percent of the composition. The hydroxy 
contaming acryl monomer can be a hydrODtyalkyiacrylate or a hydroxyalcytenethacrylate. The hydroxy-containing acryl 
monomer can be HKisiraM by hydroxyetttyl acrylate. hydroxypropyl acrylate, 4-hydraxy-n.butyt acrylate. hydroxyethyi 
methacrytata hydroxypropyl methacryiate and 4.hydroxy-n-butyl methacrylata The preferred hydraxy-comaimng aayi 
monomer is hydroxyethyi methacryiate. The hydroxy-containing acryl monomer is preferably present in amounts of 0.5 
weight percent of the conposition and the more preferred compositions contain from 3 to 9 weight percent. The hydroxy- 
containing acryl mononw reduces the viscosity of the composition and also ^ 

tosub6tFate& 

The fire ralarelant can be trixylenol phosphate The amount of fire retardant can be from 0 to 20 weight percent of 
the coiTposition. preferably in amounts of at leest 1 weight percent of the composition. A pretended composition contain 
fire retardant in an amount of from 3 to 10 weight percent and it is preferably trixylenyl phosphate. Because many of the 
fire relaidants can be corrosive to the electronic materials and c omponents, the selection of a fire retardant should be 
considered carefuliy and preferably tested belae it is used, to detentiine whether it wiH be corrosive. The preferred fire 
retardants are the triorganic phosphates, such as the trixylenyl phosphate. The halogenated fire retardants are known 
to be too corrosive to be useful in the compositions of this invention because they conode the electronic components 
which come into contact with the cured composition. . -ru • 

The adhesion promoter can be present in amounts of from 0 to 6 weight percent of the composrtion. The adhesion 
promoter is preferably a phosphorus material of the formula 
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CH2 = C-C-OC:H2CH20-P50 



I 

OH 



and a mixture of oonpounds of the formulae 



and 



(CH^ = 



CH, OH 
C-C-OCHjCHjOj-P'O 



CH^ OH 
CH2=C-C-OCH2CH20-P=0 



I 

0 



I 

OH 



These phosphorus materials inaease the adhesion of the cured fams to various substrates, specifically to copper, tin, 
G-1 0 txjards and electronic components. The amount of adhesion pronxrtw is preferably at least 0. 1 weight percent of 
the conrposition and is preferably the mixture of phosphorus materials defined above in amounts of from 2 to 4 weight 
percent 

These organic conformaJ coatffig compositions need to have from 1 to 1.000 ppm by weight of a polymerization 
inhibitor present based on the total wei^ of the composition wherein the inhbitor is derived from 0 to 100 ppm of 4- 
methoxy-phenol« 0 to 500 ppm of hydroqunone and 0 to 500 ppm of phenothiazine: These inhibitors can be present 
from the other ingredients or can be added to give the proper shelf stability. The InhibitDr is preferably present in an 
amount of at least 100 ppm by weight based on the total weight of the composition. The most prefered compositions 
have from 200 tb 500 ppm by weight of polymerization inhibitor where a mixbjre of hydroqiinone and phenothiazine are 
each present in amounts of from 100 to 300 ppm by weight. 

These compositions can also contain a fluorescent dye in anrxsunts of from 0 to 0.01 5 weigit percent of the com- 
positioa These fluorescent dyes are used to determine the degree of coverage of the films on the printed crciit boards 
so that one c»i be sure that the fim covers ail of tt>e areas necessary and to the f im thidaiess desired or required for 
a particular printed circuit board. The preferred compositions contain at least 0.005 we^ percent of a fluorescent dye 
and the most prefen-ed co mposil i ons contain from 0.005 to 0.01 weight percent of fluorescent dye. An example of a 
fluorescent dye is Uvitex OB. 

The organic oonformal coaling co mpo siti ons may contan other ingredtente such as fungicides, as long as these 
materials do not add to the corrosive nature of the composibon or deleteriousiy effect the electrical properties of the 
uncured oompositiQn or the cured product 

These compositions are ones in which the composition win not corrode the electronic components which it contacts 
either in the uncured or cured state. The composition is essentially neutral aid must not contain ingredients which may 
change this neutrafityi A change in neutraiity results in a conposition which causes corrosion to materials used in elec- 
tronic components: For example, the composition of the pres^ invention should not contain amines, such as the tertiary 
or^nic amines which are often used as photo-sensitizers. because these amines cause corrosion to metal substrates 
found in the electronic components. Also acidc materials should not be used in the compositions of the present invention 
because these materials also cause conosion. 

These compositions are particularty useful in coating and encapsulating electronic components because the vis- 
cosity of the composition is less than 1 Pa * s at 90*F. Circuit boards can be (Spped into this coaling composition, allowed 
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to drip to an even coat, then esqsosed to ultraviolet radiation for a few seconds for curing and in those situations where 
post curing is required, the coated boards are heated to complete the curing cycle. These corrpositions can also De 
sprayed or brushed onto the circuit boards. Under certain coating circumstances or with certain combinations of com- 
position and sitetrate. dewetting of the coating on the substrate might be experienced, if such a problem is encountered. 

5 such as might result from contamination of the substrate surface, a surfactant can be added to the composition. However, 
surfactants can cause foaming during preparative steps, as well as, during the coating steps and therefore is not rec- 
ommended. If the use of a surfactant cannot be avoided, a recommended surfactam is one of the glycol siloxane type, 
such as Oow Corning (R) 57 paint additive. Amounts of surfactant up to about 2 weight percent have been found to be 
effective. Surfactants may also cause the composition to be hazy. After the curing step or steps are completed, the 

10 boards can be tested, used or shipped Immediately For the purposes of this application, the terms printed wire boards 
and printed circuit boards refer to the same type of artide of manufacture. 

These compositions have a long pot life, a long shelf life, low temperature flexibility which is sufficient to provide 
stress relieving properties on coated printed circuit boards, pass thermal shock test cure fast are easy to use in pro- 
duction, are essentially solvent free, are a one package (one part or one component) system, have good electrical 

15 properties and can be made flame retardant without substantially changing the other characteristics of the present 
invention. The shelf IH^ of the compositions of this invention which contain organic peroxide can be extesKled by keeping 
the composition from contactir^ temperature above 25*C. and if one has concern about the stability of tiie composition 
on storage, the compositions can be stored under refrigeratioa 

These co m position s can t>e prepared by mixing tiie in^edients. The method of mixing is not particularly critical 

20 except thai the ingredients should be mixed to homogeneity. Because some of the ingredients may be more viscous 
than others, the mixing procedure may be more difficiit and slight heating may help readily disperse the ingredients. 
However, if heat is used, itwouldbepreferredto leave the peroxide out of the mixture until it is cooled to room terrperature. 
The peroxide is sensitive to heat and may cause some unwanted reaction if present during any heating during the 
preparation procedursL It m^ also be an advantage if the polymerization inhibitors are present during the earty stages 

25 Of the mixing procedure. After the composition is prepared, it is stored in containers which protect it from ultraviolet 
radiation until cure is desired. When peroxide is present care should be taken to avoid high temperatures, especially 
for prolonged periods of time. 

These compositions can be cured by exposure to ultraviolet radiation and if peroxide is present thereafter heated 
to cure any portion of the coating or encapsulant which did not receive ultraviolet radiation. Such heating will cause the 

30 corrposition to cure in tine dark regions (regkDns not receiving ultraviolet radiation exposure) and thus the^compositions 
of this invention have the ability to shadow cure. If these compositions are heat cured befae ttiey are exposed to ultraviolet 
radiation, the surface of the resulting film will be tacky. Surfaces which are tacky are unacceptable on printed circuit 
boards. 

A prefen^ed corrposition consists essentially of a blend of from 25 to 35 wei^ percent of an acrylated urethane 
35 oligomer mixture made up of 19 to 32 weight percent acrylated urethane prepolymer and from 3 to 6 weight percent of 
polyester uretiwie acrytete, from 10 to 15 weight percent alpha(i-oxo-2-propenyl)omega(nonylphenoxy)poly(Qxy-i ,2- 
ettwediyO having a viscosity at 25*C. of from 0.1 to 0.12 Pa • s. from 20 to 35 weight percent isobomyl acryiate, from 
2 to 3 weight percent 2-hydr«ty-2-melhyl-1 -phenyl-propan-i -one, from 4 to 8 weight percent dipentaerythritol monohy- 
droxy pentaacrytete, from 1 .5 to 4 weight percent l .1 -bisKtertiary-butylparoocy) cydohexane, from 3 to 6 weight percent 
40 2-hydroxyBttTylmethaaylate, from 5 to 10 weight percent trixylenyl phosphate, from 2 to 3 weight percent of a mixture 
of compounds of the formulae 



CH5 OH 
45 , 3 I 
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CH. OH 
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CH^ = C-C-OCH-,CH,0-P=0 

^3 ^ ^ \ 
0 OH 



from 200 10 500 ppm of a mixture of hydroquinone and phenotfiiazine each being present In an amount of from 1 00 to 
75 300 ppm and from 0.005 to 0.01 weight percent of a ffucxescent dye. This preten-ed corrposition exhibits the advanta- 
geous properties as described herein for conformal coatings, but it was observed tor some formulations the cured films 
developed a tackiness on the surface over a short period of time, such as a within one month after being cured. This 
surface tackiness was rrxjre pronounced with formulations containing the higher concentratfons of isobornyl acryiate. 
Compositions which did not develop tNs surface tackiness of the cured f Bms were discovered. These conpositions 
20 consist essentially of a Wend of from 30 to 40 weight percent of a mixture made up of 24 to 37 weight percent of an 
acrylated urethane prepolymer having a number average molecular weight of from 1 ,000 to 3.000 and of 3 to 6 weight 
percent of an aaylated urethane prepolymer having a number average molecular weight of from 3.000 to 6.000. from 
10 to 15 weight percent a^a-(l^xo-2-pnDpeny!)-onriegaKnonylphenoxyH»*y(oxy.1,^ having a viscosity at 

25''C. of from 0. 1 to 0.12 Pa • s. from 25 to 35 weight percent of dicydopentenyfoxyethyl acryiate. from 3 to 5 weight 
2S percent 2-hydroxy-2-methy»- 1 -phenyl-propan-1 -one. from 3 to 7 weight percent dipentaerythritoi monohydroxy pentaacr- 
ytate. from 0.5 to 2 weight percent 1 . 1 -bis-ftertiary-butylperaxy) cydohexane. from 4 to 9 weight percent 2-hydroxyethyl - 
methaaylate, from 3 to 8 weight percent trixylenyt phosphate, from 2 to 4 weight percent of a mature of compounds of 
the formulae 



CH3 OH 



(CH2-C-C-0CH2CH20)2-P=O 
0 



and 



^ CH3 OH 



Ca,=C-C-OCH^CH,0-P=0 
0 OH 



from 200 to 500 ppm of a mixture of hydroquinone and phenothiaztne each being present in an anwunt of from 100 to 
300 ppm and from 0.005 to 0.01 weight percent of a fluorescent dye. These preferred compositions do not develop 
surface taddness on the cured f «m. How^fer. the tensile strength is observed to be a lower value, but still acceptable 
so for conformal coatings. In addition to overcoming cured surface tackiness, those compositons which are used as con- 
formal coatings for printed wire boards desirably comain the 2 to 4 weight percent of the phosphorus containing adhesion 
promoter to ensure adhesion of the cured film to the board to prevent board failure due to atmospheric contamination 
such as moisture (corrosion). 

These compositions have solvent resistance to such solvents as xylene, acetone, isopropanol. methyl ethyl ketone. 
55 treons and urethane thinners Adhesion of ttie cured compositfons to metal and plastic substi^ates. such as metal leads 
and plastic connector materials, is obtained. The compositiors are non-conostve before, diaing arxl after cure, where 
cure includes both the ultraviolet cure and the post heat cure. The compositions have the abflity to withstand thermal 
shock from -65*0. to 130^. The compositions of tilts invention exhfoit a tow weight loss upon cur& The compositions 
echfoit acceptable electrical properties for use as insuiative coatings and encapsutants for electronic components, such 
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as volume resistivity and dielectric withstanding voltage. The composition of the present invention exhibits sufficient 
fungus resistance without the addition of additional fungicides, but in certain applications it may be advantageous to add 
to this fungus resistance. If additional fungicide is needed, careful evaluation of the fungicide should be conducted to 
determine its effect on other properties, such as corrosion. The compositions also exhibit humidity resistance and resist- 
5 ance to soldering heat If fire retardant properties more than provided by the conrposition are needed, the fire retardant 
as described above should be used. 

Other kinds of UV curable compositions which can be used in this invention can be found in U.S. Patent No. 
4.780.486. issued October 25, 1988. issued to Chi-iong Lee and Michael A. Lutz and also in EPA 0 437 247. published 
July 17, 1991. 

10 The method of the present invention can be used for UV curable compositions which ma»<e films, coatings, encap- 
sulants in the electrical and electronics industries such as for printed circuit boards, electrical connectors and electrical 
splices 

The fallowing examples are presented for illustrative purposes and should not be construed as limiting the invention 
which is property delineated in the claims. In the following examples, "part' or "parts' represents 'part by weight' or 
15 "parts by weighf . are percent by weight unless othenwise stated. 

A curable composition of this invention was prepared by blending 0.002 part of an anthraquinone dye purchased 
20 from Sanooz Chemical. Charlotte. North Carolina as Nitro:Fast Blue 2B. (which is also Imwn as CI. Solvent Blge 1 04) 
with the following ingracfients to homogeneity: 

97.5 parts of an organosioxane copolymer containing the following units, expressed in moi percent: 94% dimeth- 
ytsiloxane urtts. 1% dimethylvinylsiloxy units, 2% trimethytsiloxy units and 3% monomethylsiloxy units. The viscosity of 
the copolymer v^ras 1 0"5 m2/s at 25"C.: 
25 1 .25 pans of a trimethyisiloxy-terminated polydiorganositoxane copolymer cont a i n ing an average of 43 dimeth- 

ytsiloxane units and 4 methyK3-rnercaprtopropyl)siloxane units p^ 

1 .25 parts of 2-hydroxy*2*finetf^-l -phenyipropan*1-one as the photoinitiaAor. 
The blended composition was bhjs. A 10 g sample of the blue composition was passed through a UV-6 Single Lamp 
Conveyorized UV Curing Unit nanufactured by Cdlght Minneapolis. Minnesota The conveyor was set at about 0.01 Sm/s 
30 (3 n/mn) and the lamp was at 200 watts. The composition changed to light yellow and was fully cured. The cured sample 
remained yellow for at least six montha 

EXAMPLE 2 

35 An ultraviolet radiation curable siloxane composition was prepared by addng 0.002 part of Nitro-Fast Blue 2B to a 
mixture ol 6&5 parts of a saboone resin having the average siloxane unit formula 

{MeS03^.5(PhS03/2)37.6(Me2SiO)30j(MeVisiO)a 

40 whi<*t had a vinyl content of 5.2 weight percent, a value tor b to provide an OH content of i .49 weight percent, a non- 
volatile content of 97.4 weigm percent and a viscosity of 14.5 Pa • s. 17.5 parts of an organic mercaptofunctional com- 
pound having the formula 



so 

(trimethyiolpropane th-{3-mercaptopropionate)) (TMPTMP], 1 0 parts of tripropylene glycol diacrylate (TRPGDA]. 
5 parts of isobornyl acrylate [IBA]. 3.08 parts of phototnitiator of the formula 

55 
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10 



15 



20 



and 0^005 part of a UV dye fluorescent indicator. Uvitex OB. A sample of this mixture was blue and after exposing it to 
UV radiation as descrit>ed in Example l . it turned yellow and remained yellow. wposjng n » 

Example 3 

f«/bI^! ^tr^ri accordance with this Invention was prepared by adding 0.002 part of Nitro- 
^taue 2B to 100 parts of a mixture prepared by blending at room temperature in a container which protects the 
conpc^^ froni exposure to ultraviolet radiation, until the mixture was homogeneous Eberyl 4883, Ebecryi 230 QM- 
^iyr!^!XJl^^ aipJ«K1-oxo.2.propenyl)K)mega-(nonylpheno^^ (^[..^^^ 
tr«^nyl ph^te. 2-hydroxy.2-methy|.l^Dhenylpropan.l-one (Darocur 1 173). adhesion promoter (PM-S) dipentaer- 
ythnW monohydroxy pentaaaylate, fluorescent dye. inhibitors and l,l-bts.<tertiary.fauty*>erQxy) cyctohexane The 
resulting composition was a conformal coating composition which cured both by exposure to ultraviolet radiation and by 
heating. The ingredients and their amounts were as shown as follows: 



25 



30 



35 



40 



45 



SO 



Percent 

Tie 

28.8 
7.6 
13.1 
4.38 

4.18 
1:74 

30.5 

4.36 

1.0 

0.009 
200 ppm 
200 ppm 

0.002 



Ingredient 

Acryiated urethane prepolymer, Ebecryi 230 sold by Radcure Specialties. Virginia 

Dicydopentenytoxyethyl acrylate. QM-672 sold by Rohm and Haas Conpany of Pennsylvania 

2-Hydraxyethyl methaaylate. sold as Rocryl 400 by Rohm and Haas Conpany of Pennsylvania 

M-113 sold by Toagosei Chemicai Industry Ca, Ltd. of Tokyo; Japan 

Trixylenyl phosphate, Kronitex(R) TXP sold by FMC Corporation, Industrial Chemical Group 
Pennsylvania 

DarocutR) 1 173, sold by EM Chemicals. EM Industries Company, Hawthorne, New York 

KayamerPM-2. soU by f^fippon Kayaku Ca. Ltd.. Plastfc Division. Tokyo, Japan, this is the mix- 
ture of phosphorus material having the fonnulae descrtoed herein for the adhesion promoter 

Acrylated urethane oligomer. Ebecryi 4883 soU by Radcure Specialties. Virginia, this material 
is 85 % acrylated urethane oligomer and 15 % tripropylene glycol diacryiate 

Dpentaerythritol monohycfroxy pentaacrylate. SR-399. sold by Sartomer Conpany. Division of 
Sartomer Industhes. Inc., Pennsylvania 

1 .H)is^-butylperoxy)cyck)hexana SP-400P sold by WHco Chemical. U.S. Peroxygen Division 
California 

Uvitex Oa fluorescent dye 
Hydroquirx)ne 
Phenottuazin6 
Nitro-Fast Blue 2B 



This mixture was blue and had a viscosity of 0.42 Pa • s at 25*C.. HAV. spindle number 3. 50 rpm. at 2 minutes. When 
55 this mixture was exposed to ultraviolet radiation as desaibed in Example 1 . it changed to yellow and was fully cured. 
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UV curable compositions were pr^ared as described in Exanple 1 . except the 2-hydroxy-2-methyl- 1 -phenylpropan- 
1 -one were left out and another photoinitiator was used in its place as indicated below. The mixtures were prepared by 
mixing 0. 79 part of the photoinitiators listed below with 49. 5 parts of the U V curable composition as desaibed in Example 
1 but without the 2-hydroxy-2-methyl-l-phenylpropan-l-one. The Colight system used to expose the samples to UV 
radiation was the same as desaibed in Example 1. The results observed were as described below along with the pho- 
toinitiator used in each case. 

Sarrple 1 : Benzophenone : passed through the Colight system once did not cure or change color, a second pass 
through the Colight system changed the color a little to a paler blue and the film was slightly cured, after four passes 
through the Colight system the blue was atmost gone and the film was almost cured. 

Sample 2: 



0 OH 

1 I 

CHj-CHj-CHj 

passed through the Colight system once produced a good cue and the cotor changed to yellow. 

SaiTVle 3: Diethaxyacetopherwne : passed through the Colight system once produced a good cure and the color 
changed to dark yellOMr. 



Sample 4: A nrixture of 50 weight percent 



0 OH 

1 I 

C,H5-C-C-CH2 



CHj-CHj-CHj 



and 50 weigm percart benaphwKXie : passed thfou^ ihe Co^ 

cotor changed to d«k yeVow This yelkw was the same as observed tor Sai^ 

These sanplas shaded that the color change occurred with different Wnds of free raeScal producing photoinitiators. 



■ An ultraviolet radiation euraiHe composition was prepared as descrtoed in Example 1 except i .am.no-2-bromo-4. 
hydroxyanthnqiinone (Sandopiast Red 2B powder, made by Sandoi Chemicals. Charlotte. Nor* Car ol.na). T>ie com- 
p^onwas red in color before being exposed to ultraviolet radiation by passing it tf«»ugh the CoLglrt system as 
d^ibed in Exarrple 1 . After the exposure to the UV radiation, the composHion was cured and had changed color from 
red to yellow. The color did not retun upon 



An ultraviolet radiation curable composition was prepared as descrtoed in Example i excepta dsaw dye sold by 
Sando> Chemicals. Charlotte. North Carolina, as Nitro Fast Yellow B powder (also loicwn 
21240. has a fdm«la C^N^ and a CAS number 3321-10^). The composrt>on "^^J'^/^ 
being exposed to ultraviolet radiafion by passing it through the Colight system as descrtoed .n Example i . Aher the 
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exposure to the UV radiation, the composition was cured and had changed color from dark yellow to very pate yellow 
The color did not return upon standing. 



Claims 



1. A method of indicating a cure point of an ultraviolet radiation curing composition wtiich comprises: 

adding a non-cure inhibiting anrrount of adye-with a visible color to an ultraviolet radiation curable composition 
conrprising a photoinitiator which generates free radicals tpon exposure to ultraviolet radiation and a composition 
which cures upon exposure to ultraviolet radiation which consists essentially of a silicone resin having a general 
average unit formula 

RcSiO(4.c)/2 

in whi^ each R' in each unit is independently a monovaJent organic radical where at least 10 mole percent of the 
total R' are phenyl radicals and at least two R' per molecule are aliphatic unsaturated radicals which react with 
mercapto functionality and £ has an ava^ge value of from 1 .2 to 1 .8; an organic mercaptan composed of carbon, 
hydrogen, sulfur and oxygen in which there is at least two mercapto groups per molecule; an acrylate monomer 
having at least one acrylate grot^ per molecule in an amount of at least one weight percent based on the total 
weight of the composition: an effective amount of a free radical inhibitor to delay gellation during storaige. the com- 
position has more than tm al'phatic unsaturated radicals per molecule in the stiicone resin when the organic mer- 
captan has two mercapto groups per molecule or more than two mercapto groups per molecule in the organic - 
mercaptan when the silicone resin has an average of two aliphatic unsaturated radicals per molecule or both more 
than two aliphatic unsaturated radicals per moleaile in the silicone resin and more tt>an two mercapto groups per 
molecule in the organic mercaptan and amount of silicone resin and organic mercaptan being such that there is 
from 0. 5 to 1 .5 aliphatic unsaturated radicals in the silicone resin tor each mercapto grotp in the organic mercaptan 
and 

thereafter exposing the resulting composition to a dosage of ultraviolet radiation which causes the visible 
color to either disappear or change to a different color indicating that cure has occurred ooinddentally. 

2. A method according to daim 1 wherein the silicone resins comprise from 20 to 40 nx)le percent nwnophenylsilsesqui- 
oxane units, 1 0 to 20 mde percent monomethyisitsesquioxane units. 20 to 35 mole percent dimethytsiloxane units 
and 1 0 to 30 nx>le percent methylvinylsitoxane units. 

3. A method according to daim 1 or daim 2 wherein the aganic mercaptan is trimethylolpropane tri(3-mercaptapro- 
pionate). 

4. A method according to any of the preceding daims wherein the free radical inhibitor is selected from p>methoxy- 
phend. phenothiazine and mixtures thereof. • 



S. A method according to any of the prececfing claims wherein the ultraviolet racfiation curing composition compnses 
a silicone resin in an amoum of greater than 35 weight percent frxxn 5 to 30 weight percent mercaptan compound, 
from 1 to 25 weight percent acrytate compound, from i to 4 weight percent photoinrtialor, less than 0.05 weight 
percent free radical inhiaitor and optionally, from 1 to 5 weight percent of organic peroxideL 
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